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Coherent Fine Scale Eddies in High Reynolds Number Turbulent Free Shear Flows
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To clarify the Reynolds number dependence of coherent fine scale eddies in turbulent mixing layers, direct
numerical simulations of temporally developing turbulent mixing layers up to Re,,= 2800 are conducted. The most
expected diameter and maximum mean azimuthal velocity of coherent fine scale eddies are about 8 times

Kolmogorov micro scale and 1.2 times of Kolmogorov velocity for all Re,
coherent fine scale eddies in homogeneous isotropic turbulence. With the increase of Re,

which coincide well with those of
the maximum second

®,00

®,0

invariant at the center of the coherent fine scale eddies becomes large, which implies that the fine scale eddies with
the large second invariant cause the intermittency of turbulence.
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Table 1 DNS database of temporally developing turbulent
mixing layers.

Re L XL XL N, XN, XN, Re,
500 | 216 x 325 x 144 74.8
700 288 x 433 x 192 96.5
900 324x487x216 | 976
1100 AAX6 AX8/3A | 360x541x240 | 99.7
1300 384 x577x256 | 1375
1500 432 x 649 x 288 | 147.2
1900 480 x 721x320 | 163.9
2800 648 x 973 x 432 | 189.8
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Fig. 1 Developments of momentum thickness.
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Fig. 2 Developments of Reynolds number based on the Taylor
microscale and velocity fluctuation at center of the shear layers.

Ob0O0ob0oboboboOob0ODOfreeslip DOOOOOODOODO
obobooOooboDOooOooOoooooooboOooboooboooo
gboboobooobooboooooooooooobobooo
goooooooboono 2300000000000000
U000000Db0O00b0O00 Runge-Kutta D OO OODO
00000000 aliasing0 0003200000 phase shift
gboobobobooobooboo10b0000000 DNS O
0000000000000doAU Og,, 00000000
oo0 2800 000000 OOOODOOODOOODOOD
rollup 0 020000000000000000DOOC0O0ODO
000 Reyp,=2800000000020700000000
gosiaGBOOOOoOoooooOOon

ggboooobuoobooboboon
g 1gboboboooobbbooooobbooooobo
ggooooobogd

6=—= [0, T0Na)-U. v ™
gobobu oboboboboyu,b00bobobobon
obobau=vu,-U, 0000000000000000 ¢=
jogoooboobuoodbobbooobobboooobbouoo
oooooooooodididRre,,=2800 00000000
goobobobo0o000obboooOouonoDD RedO
551 00000 2000000000000DO0O000O0OO
Ub0ob0obooboboobDobOobO0b0ob0O0ob0O0O Re,
ggboobooobuoobbooobor=300000oboonon
ggboooobodbr=60000000 R UDOODODO
UO00ORe,, DOOOOO0O0OOr=60 000000 Re, 00
gboboboboboooobDobOobOobOon R 000

-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0
y76

Fig. 3 Distributions of mean streamwise velocity (z = 130).
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Fig. 4 Distributions of streamwise velocity fluctuation (¢ = 130).
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Top View

Re ;=500
Fig. 5 Contour surfaces of second invariant of velocity gradient tensor in fully developed turbulent mixing layers (Q" = 0.03).
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Fig. 6 Probability density functions of the diameter of coherent
fine scale eddies in fully developed turbulent mixing layers.
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Fig. 7 Probability density functions of the maximum mean
azimuthal velocity of coherent fine scale eddies in fully developed
turbulent mixing layers.
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Fig. 8 Joint probability density function of the diameter and the
maximum mean azimuthal velocity of coherent fine scale eddies
in fully developed turbulent mixing layer.
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Fig. 9 Probability density functions of the second invariant at the
center of the coherent fine scale eddies.
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